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Now, as the combustion of the fuel which furnishes 
us with this heat cannot take place in contact with the 
water-in which it is unlike the combustion of the met
als potassium and sodium-we are at once confronted 
with the fact that the heat so yielded must be passed 
from the outside of some chamber to water on the in
side-that is, across some solid medium. That medium 
is either wrought iron, steel, or copper-most frequently 
mild steel in ordinary practice; and if we inquire what 
is its capacity per square foot of surface for transmit
ting heat, we find that this is practicaliy unlimited, 
unless interfered with by great thickness or some arti
ficial resistance, such as a coating of scale or oil. 

When we turn from this to inquire what is realized 
in practice with boilers, we find that in the year 1747 
an inventor named John Payne, in describing his boiler 
to the Royal Society of London, announced that he had 
"rarefied" or turned into steam 90 gallons of water 
with 112 pounds of coal. This gave an evaporative rate 
of 8.03 pounds of water per pound of coal; but, unfor
tunately, we do not know the rate of evaporation per 
unit of surface. 

Present practice with modern boilers rarely exceeds 
John Payne's result, and, measured per unit of surface, 
it reveals the astonishing fact that the average evapo
ration amounts only to from 2% to 7 pounds, rarely 
more, and say exceptionally to 10 pounds of water per 
square foot of heating surface per hour, whereas the 
writer believes we have solid ground for maintaining 
that an evaporation of 50 to 80 pounds, and possibly of 
100 pounds, per square foot of surface per hour can be 
obtained in regular practice with suitably designed 
boilers. Here, then, is a great opening for improve
ment, and in order to take advantage of it we must 
make ourselves acquainted with all that can be learned 
from investigations of the phenomena of heat trans
mission.-F. J. Rowan, in Cassier's Magazine. 

A NEW CENTRIFUGAL PUMP FOR HIGH LIFTS. 
HYIlHAULlU engineers and miners have been slow to 

recognize centrifugal pumps as a medium for delivering 

FOUR-STEP SERIES HIGH-PRESSURE 

CENTRIFUGAL PUMP. 

water at a height of over 40 feet. D irect-acting steam 
pumps and geared plunger pumps up to within the 
last year or so were the only known devices for rais
ing water to high elevations. On account of the heavy 
expenditures for repairs of direct-acting pumps, owing 
to excessive wear on the piston and valves, caused by 
muddy or gritty water, there has been a long-felt need 
by engineers for an economical pump that could be 
adapted for any quantity of water at heads ranging 
from 100 to 2,000 feet. Such a pump is now provided 
by the invention of Mr. Byron Jackson, of the Byron 
Jackson Machine Works, San Francisco, Cal. The in
vention provides a series of high·pressure centrifugal 
pumps for raising and forcing water by increasing 
pressure in suecessive steps, using the centrifugal im· 
pactive and cumulative forces set up by two or more 
rotating runners mounted upon the same shaft. The 
invention also covers an improved adjustable auto
matic balance for end-thrust on the shafting and cas
ing sections inclosing suitable curved waterways be
tween the discharge of one runner and the entrance 
of the next in series. In our illustration we show a 
vertical pipe of series centrifugal pump, and also a 
diagram of the pump in section, which reveals its con
struction. The pump, it will be observed, comprises 
a series of cylinders, mounted one above the other. 
RunnerS of the in dOlled type are operated in the upper 

part of each cylinder. In the lower portion of each 
cylinder, immediately below the runner, is the casing, 
in which are the curved waterways adapted to conduct 
the water from the discharge ports of one runner to 
the entrance of the next in the series. The waterways 
are formed by curved vanes, which divide the space 
between the bottom of the cylinder and the upper 
wall of the casing into a number of spiral channels 
leading in toward the center. An annular flange 
formed on the top of the casing fits snugly over a 
flange depending from the runner above. The vanes 
in the casing have practically the same curve and di
rection as those in the runners. 

The operation of the pump is as follows: The pump 
being filled with water, the impelling runners are 
driven at a suitable speed to discharge water at the 
desired head. Rotation of the runner acts to suck in 
the water at the center and force it out by centrifugal 
action into the cylinder, whence the water is forced 
through the waterways to the runners below, finally 
discharging from the pump with a pressure equal to 
the sum of all· the series of pressures. It is known 
that the suction and discharge pressure in the centri
fugal pump is unbalanced on the two sides of the in
closed type of impellers, and that this inequality of 
pressure amounts approximately to the number of 
inches of area of the suction inlet multiplied by the 
pounds pressure of the total head pumped against. 
This presmre, however, is never equal to the discharge 
pressure, which is always varying, depending on the 
head, and may be more in one side of the runner, de
pending on the central position of the runner; the 
greatest pressure per inch being greatest on the side 
having the greatest clearance between runner and 
pump case, because of skin friction on the side of 
runner, producing a pumping effect. To compensate 
for this varying pressure, caused by the end. travel 
of the pump shaft, changing the clearing space be
tween the sides of the pump case and the runner,: a plug 
is provided, which is movable in the pump casing in 
line with shaft and port. This plug has a �liding 
fit with the walls of the latter, and is adapted to be 
advanced or retracted to enter the port or be with
drawn therefrom, according as it is desired to allow 
more or less back-pressure water in chamber, to enter 

SECTION OF A SERIES CENTRIFUGAL 
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the runner again for the purpose of restoring or main
taining equilibrium. 

The pump is designed for raising water to heights 
ranging from 100 to 2,000 feet, and will maintain an 
efficiency of from 70 per cent to 84 per cent. It is 
adapted for raising muddy, gritty, sandy water, as 
well as clear water, without injury to the pump, there 
being no valves whatever in the pump to wear out. 

These pumps are past the experimental stage, for 
they have already been put into service and given re
markable results. The "four-step" pump shown in our 
illustration is designed to deliver 450 gallons per 
minute operating against a total head of 500 feet. 

-- -_._- - - - -

CONTEMPORARY ELECTRICAL SCIENCE.'" 
BLOX()LOT'fl N-RAYfl.-After having found that the 

new kind of light is also contained in an Auer burner 
(see The Electrician, vol. 1., p. 1010, and vol Ii., p. 
236), R. Blondlot studied a number of other sources 
of radiation and found that the new obscure rays are 
also contain'ed in the radiation from a plate of silver 
or talc heated to redness, and in an ordinary circular 
gas flame burning without 'l. chimney. He concludes 
that these rays, though invisible, are of frequent occur
rence, and proposes to call them N-rays, after the 
Nancy University, where they were discovered. He 
also announces that a small electric spark is not 
essential for their detection. since the essential thing 
about it is a small mass of incandescent gas: This 
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is also furnished by a very small gas burner, which 
acts equally well as a detector, but is not suitable for 
discovering polarization. It brightens whenever N-rays 
impinge upon it. That this brightening up of one 
flame by another has not been noticed hitherto is due 
to the difference produced in th� luminosity of a larger 
flame not being very evident. The author has found 
that a screen of calcium sulphide exposed to sunlight 
shows a notable increase of phosphorescence under 
the influence of N-rays. This furnishes a good means 
of detecting them.-R. Bondlot, Comptes Rendus, May, 
25, 1903. 

RADIO-ACTIVITY OF ORDINARY Suml'l'ANcEs.-Radium 
is at least 100,000 times more active than uranium, 
and uranium IS 3,000 times more active than the 
most common active material among ordinary sub
stances. But R. J. Strutt believes that a slight amount 
of radio-activity is associated with all solids, and that 
the so-called "spontaneous ionization of air" is due 
to a slight activity of the walls of the vessel contain
ing it. To test this view, he experimented with a glass 
cylinder closed at one end by a plate of glass cemented 
on, which could be removed so as to introduce linings 
of different materials. He found rates of leakage 
varying from 3.3 scale di visions per hour in the case 
of tinfoil to 1.3 in the case of glass coated with phos
phoric acid. In platinum the rate of leakage for dif
ferent samples was 2.0, 2.9, and 3.9 divisions per hour. 
Thoroughly oxidized copper showed a rate about three
quarters that of polished copper. The author tried 
the absorption of the radiation by air at different pres
sures. To do this he determined the pressure at which 
an increase of pressure produced no increase of leak
age, thus showing that all the radiation was absorbed. 
No such limit was reached with zinc, but with tin it 
was reached at 10 inches in one sample, and 20 inches 
in another.-Hon. R. J. Strutt, Phil. Mag., June, 1903. 

ELECTROSTATIC DEFLECTIOX OF RCTIIEllFOHD RAYfl.

T. Des Coudres has succeeded in deflecting the positive 
Becquerel rays, sometimes called Rutherford rays, and 
in thus establishing beyond doubt their positive char· 
acter and comparatively large mass. Their magnetic 
deflection has already been accomplished by Becquerel 
himself, who found, curiously enough, that there was 
no magnetic dispersion. This marks a distinct diver
gence from Wien's canal Tays, which show all kinds of 
velocities. But Becquerel's observation is fully con
firmed by the author, and it therefore seems that the 
positive ions emitted by radium bromide have a single 
definite velocity and mass. The electrostatic deflection 
was produced with the aid of a central station supply 
at 110 volts. A deflection of about 1 millimeter was 
obtained, with an exposure of 80 minutes and a radium 
preparation not exceeding 8 milligrammes in weight. 
The figures obtained by micrometer measurement and 
calculation were: mule = 2.56 X 10'. From this the 
author deduces, with the aid of the magnetic deflection, 
the value u = 1.65 X 10" for the velocity,. or about 
one-twentieth of the velocity of light, and elm = 6.4 
X 10", thus showing that we have to do with masses 
of the atomic order.-T. Des Coudres, Phys. Zeitschr., 
June 1, 1903. 

IONI7.ATION OF AIR BY W A'l'ER.-F. Himstedt has 
found that air supplied by a water-spray pump pos
sesses a considerable conductivity. That this con
ductivity is not due to its moisture is proved by con
ducting it through phosphoric acid, which leaves the 
conductivity unimpaired. That it is not the ordinary 
waterfall electricity is proved by conducting it through 
earthed copper wool, which also leaves the conductivity 
unchanged. These observations led the author to sup
pose that the conductivity of Elster and Geitel's "cave 
air" is due to the fact that the air is pressed through 
interstices between moist particles of sand and earth. 
On pressing air through moistened glass, wool, coke, or 
sand a similar ionization was, in fact, observed, and 
not on pressing it through paraffin oil or benzol. The 
same sample of water could be used indefinitely, with 
the same result, and oxygen and carbon dioxide were 
similarly ionized by it. The author accounts for this 
ionization by referring to the high ionizing power of 
water for metallic salts, and supposes �hat water has 
a similar ionizing power over gases. The ionized mole
cules might emerge in an ultra-chemical sheath of 
water which would gradually liberate them. The con
ductivity may be destroyed by cooling to the tempera
ture of liquid air.-F. Himstedt, Phys. Zeitschr., June 
1, 1903. 

There are 125 144.14 miles of main and feeder wires 
reported by th� Census Bureau for both private and 
municipal stations in the United States. Of this total, 
109,805.23 miles, or 87.7 per cent, are reported by 
private stations and 15,338.91 miles, or 12.3 per cent, 
by municipal stations. The mains and feeders for 
underground circuits measure 8,124.26 miles, or 6.5 
per cent of the total, and the overhead circuits 116,-
976.35 miles, or 93.5 per cent. Comparatively few sta
tions have a record of the actual length of the wires 
strung and ready for service, but the amounts reported 
are careful estimates prepared by, or under the direc· 
tion of, the management of each station. In several 
instances it has been found that. electric light sta
tions supply current to electric railway companies, and 
that, in the majority of such cases, the railway com
panies own the main and feeder wires over which this 
current is supplied. There are, however, 199.75 miles 
pf mains and feeders for electric railway service 
pwned by the central stations. 
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